Background: Improving global maternal, newborn, child and adolescent health (MNCAH) is a top development priority in Canada, as shown by the $6.35 billion in pledges toward the Muskoka Initiative since 2010. To guide Canadian research investments, we aimed to systematically identify a set of implementation research priorities for MNCAH in low-and middle-income countries.
T he United Nations' Millennium Development Goals, a set of interrelated targets adopted by world leaders in 2000, catalyzed political commitment toward improving child survival and maternal health. Goals 4 and 5 called for a two-thirds reduction in mortality among children less than 5 years of age and a three-quarters reduction in maternal mortality between 1990 and 2015, respectively. 1 Five years before the goals came to a close, the Muskoka Initiative was launched at the G8 summit to intensify efforts toward improving maternal, newborn and child health in low-and middle-income countries, with Canada investing $2.85 billion to reduce the burden of disease, improve nutrition and strengthen health systems in areas with the greatest need. 2 Although there have been substantial gains in reducing global maternal and child mortality, progress has been insufficient to achieve the Millennium Development Goals' targets. 3, 4 Unacceptably high numbers of women and children are still dying every year, largely due to conditions that could have been prevented or treated if existing cost-effective interventions were made universally available. 5 Currently, there is insufficient knowledge on how to effectively implement proven affordable interventions in resource-limited settings. 6 Over the past 5 years, Canadian funding through the Muskoka Initiative has focused on scal-ing up interventions to improve maternal, newborn and child health; however, investments in implementation research have been limited. 7 If we are to achieve high, sustainable and equitable coverage of life-saving interventions, addressing this research gap is essential.
The year 2015 marked the beginning of a new global framework -the Sustainable Development Goals -and an additional Canadian pledge of $3.5 billion toward the Muskoka Initiative. 2, 8 These renewed commitments toward improving maternal, newborn and child health present an opportunity to address the unfinished agenda of the Millennium Development Goals, bridge the gap in implementation research and expand efforts to address the neglected area of adolescent health. We undertook an expert consensus process using standardized methods to systematically identify the top research priorities on the implementation of maternal, newborn, child and adolescent health (MNCAH) interventions in low-and middle-income countries with the aim of guiding Canadian research investments over the next 15 years -the timeline of the Sustainable Development Goal targets for 2030.
Methods

Study design
We adapted the Child Health and Nutrition Research Initiative method. 9 This method was designed to assist policymakers and investors to identify research gaps and examine the potential risks and benefits of investing in different research options. This systematic and transparent approach is the most frequently used method of health research prioritization since 2001, followed by the Delphi, James Lind Alliance and Combined Approach Matrix methods. 10 It has now been applied to a wide range of relevant MNCAH topics, including, but not limited to, birth asphyxia, childhood pneumonia and diarrhea, and adolescent sexual and reproductive health. [11] [12] [13] [14] The method involves 5 stages: (i) defining the context and criteria for priority-setting with input from investors and policy-makers; (ii) listing and scoring research investment options by technical experts using the proposed criteria; (iii) weighting the criteria according to wider societal values with input from other stakeholders; (iv) calculating research priority scores and average expert agreement scores; and (v) ranking research priorities according to research priority scores. An initial stage was added to the present study, in which the steering committee extracted implementationfocused research priorities from the existing Child Health and Nutrition Research Initiative literature before inviting input from technical experts. This literature review was conducted to build on the foundation of existing Child Health and Nutrition Research Initiative studies, allowing our expert group to review and contribute to a set of research questions previously identified as priority areas.
Setting
This study aimed to inform various stakeholders, including the Canadian Partnership for Women and Children's Health (CanWaCH) community and key Canadian donors and researchers, about research investment options that are expected to improve the implementation of MNCAH interventions in low-and middle-income countries. This process of developing and ranking research questions also allowed researchers to systematically approve a common research agenda and develop a consensus on priorities. The timeline of 15 years was set to coincide with the Sustainable Development Goal targets.
In selecting the criteria against which to evaluate the proposed research questions, the steering committee modified the Child Health and Nutrition Research Initiative criteria from previous exercises to better reflect the context of implementation. 9, 15 The 5 criteria selected were answerability by research, research feasibility, deliverability, impact and effect on equity. Table 1 shows the 3 specific subquestions evaluated under each criterion.
Literature review
Through an initial literature search, a team member (O.M.) screened published Child Health and Nutrition Research Initiative studies, identifying all research questions potentially relevant to implementation. Two researchers (R.S. and M.B.) then screened this list for research questions explicitly pertaining to implementation, defined as the delivery of interventions (i.e., policies, programs or individual practices) and the translation of research evidence into improved health policy and practice. 16, 17 These questions were then classified into 4 domains: description (epidemiology), discovery (new interventions), development (improving existing interventions) and delivery (health policy and implementation). We selected the highest-ranked delivery questions from each article, which was followed by an updated search for studies through Google Scholar, PubMed and Web of Science using the keywords: "CHNRI" and "Child Health and Nutrition Research Initiative." The 3 highest-ranked delivery questions from each additional article were then added to the list. Finally, the research questions were mapped by theme and position on the continuum of care, removing duplicates and questions within over-represented health areas.
Technical consultation
This study drew upon the expertise of researchers, clinicians and implementing partners from various institutions across Canada. We specifically engaged Canadian-based voices in global health given the focus of the study on guiding Canadian research investment. Experts either volunteered to participate at the CanWaCH meeting in November 2014, were identified from their affiliations with the Coalition of Centres in Global Child Health or SickKids Centre for Global Child Health, or were selected for their known expertise in the field of MNCAH.
Experts were asked to individually review the research questions identified from the literature and propose additional questions. We then thematically organized the combined list of questions by position on the continuum of care, removing overlapping options and questions outside the scope of the exercise. The remaining questions were organized into a marking tool for scoring.
Experts scored each proposed research question against these 5 predetermined criteria, each with 3 subquestions: • Answerable by research: likelihood that the research question can be answered ethically.
• Research feasibility: likelihood that there are sufficient resources and time to carry out the research.
• Deliverability: likelihood that the research can result in a deliverable, affordable and sustainable implementation strategy.
• Impact: likelihood that the results from this research will fill crucial knowledge gaps and shape future planning in implementation research.
• Effect on equity: likelihood that the implementation strategy will reduce inequity. We asked experts to score 1 for yes, 0 for no and 0.5 if they were informed but undecided. If the experts did not feel sufficiently knowledgeable to answer a particular question, they were instructed to leave the cell blank. These blank cells were not included in the calculation of scores.
Analysis
The relative importance of the scoring criteria may vary among stakeholders. In a previous exercise, 18 a wide range of stakeholders was polled to weight the Child Health and Nutrition Research Initiative criteria; however, before scoring, the steering committee decided not to assign weights for this exercise. We weighed all 5 criteria equally in the analysis, as we felt they were of equal importance.
The research priority score and average expert agreement scores were calculated for each research question. The research priority score is the mean of the scores across the 5 criteria, expressed as a percentage. The average expert agreement score is the average proportion of scorers who chose the mode (most common score) across the 15 subquestions asked. The average expert agreement score was calculated as follows:
where q is a question that experts are being asked to evaluate competing research investment options, ranging from 1 to 15, n is the number of scorers who provided the most frequent response and N is the total number of scorers. A Pearson correlation coefficient was calculated to examine the association between research priority score and average expert agreement scores. Figure 1 shows how the steering committee identified relevant research questions from existing Child Health and Nutrition Research Initiative studies. [11] [12] [13] [14] [15] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] The final list from the literature contained 45 research questions. Thirtyeight experts were then formally invited by email to participate. Six experts volunteered to participate at the CanWaCH Would you say the research question is well framed? 2. Can a single study or a very small number of studies be designed to answer the research question? 3. Do you think that a study needed to answer the proposed research question would obtain ethical approval without major concerns?
Results
Research feasibility 1.
Is it likely that there will be sufficient capacity to carry out the proposed research? 2. Is it feasible to provide the training required for staff to carry out the research? 3. Is the cost and time required for this research reasonable? Deliverability 1.
Taking into account the level of difficulty with implementation of the potential delivery strategy (e.g., need for change of attitudes and beliefs, supervision, transport infrastructure), would you say that this strategy would be deliverable? 2. Taking into account the resources available to implement the intervention, would you say that the potential delivery strategy would be affordable? 3. Taking into account government capacity and partnership required, would you say that the potential delivery strategy would be sustainable?
Will the results of this research fill an important knowledge gap? 2. Are the results from this research likely to shape future planning and implementation? 3. Will the results of this research lead to a long-term reduction in disease burden?
Effect on equity 1.
Would you say that the present distribution of the target disease burden/health issue affects mainly the poor and marginalized in the population? 2. Would you say that the poor and marginalized would be the most likely to benefit from the results of the proposed research? 3. Would you say that the proposed research has the overall potential to improve equity in disease burden distribution in the long-term (e.g., 10 yr)?
meeting, and 32 experts were identified from their affiliations or known expertise. Participants' expertise ranged across the continuum of care, representing knowledge of all 4 target populations. Experts individually reviewed the 45 questions from the literature, with 24 experts proposing 71 additional questions. The steering committee then thematically organized the 116 questions by position on the continuum of care, removing overlapping options. Ninety-seven remaining questions were organized into a marking tool, and 20 experts returned completed scoring sheets. Table 2 shows the research questions with a rounded research priority score of 80 or more, and Appendix 1 (available at www.cmajopen.ca/content/5/1/E82/suppl/DC1) shows the complete list of ranks and scores for all 97 questions. Both tables present the perceived likelihood that each research question will comply with each of the 5 priority -setting criteria. Research priority scores ranged from 40.14 to 89.25, with a
Initial literature search and screen for research questions potentially relevant to implementation. Questions from 18 exercises on maternal, newborn, child and adolescent health research priorities n = 354
Further screen of research questions from initial list that meet study definition of 'implementation'. Questions from 18 exercises n =249 Classification of questions into the four research domains (i.e., delivery, development, description, and discovery) and selection of the highest ranked delivery questions from each article. Questions from 16 exercises n = 49
Updated search for CHNRI literature and identification of 4 additional articles that were not captured by the initial search. The three highest ranked delivery questions were selected from each article and added to the master list. Questions from 20 exercises n = 61 there was strong agreement among experts about what were considered priority research questions. The top 15 research questions varied across the continuum of care. Children were the most represented target population, with 6 out of the 15 questions pertaining to child health. Although there were highly-ranked questions about maternal (questions 10 and 13) and newborn health (questions 5, 8, 9 and 14), there were no top-ranked questions that explicitly mentioned adolescents. The highest ranking for an adolescent health question was number 19 -"What factors facilitate uptake, retention and adherence to antiretroviral therapy and minimize HIV treatment failure among adolescents."
A wide range of topics was covered in the top 15 research questions. Diarrhea was the most frequently mentioned health condition, with 2 questions about oral rehydration solution and 1 question about detection and management of dehydration in children with diarrhea.
Research questions varied in specificity. For example, broad questions like "what are effective delivery strategies to ensure that the most vulnerable individuals receive critical reproductive, maternal, newborn child and adolescent health services?" were scored alongside specific questions like "Can a simplified neonatal resuscitation program delivered by trained health workers reduce deaths due to intrapartum events and complications and birth asphyxia?" Both broad and specific questions were ranked in the top and bottom 15 research questions, suggesting that no bias existed against the kind of question asked.
Interpretation
We engaged a diverse group of Canadian experts with knowledge and experience across the continuum of care. The modified Child Health and Nutrition Research Initiative approach we used offered greater transparency and replicability than Delphi or other consultative processes. 10 The systematic ranking of proposed research priorities against predetermined criteria also made apparent the strengths and weaknesses of competing research investment options.
The comprehensive list of research priorities generated by this exercise addressed leading causes of newborn, child and maternal death, including intrapartum events and complications, diarrhea and barriers to facility births. 36 The 3 most important coverage gaps identified by the Countdown to 2015 for Maternal, Newborn, and Child Survival group (Countdown) were present in our list of priorities; they included family planning, interventions addressing newborn mortality and case management of childhood diseases. 36 Countdown reported that there are relatively smaller inequities in coverage for interventions that are delivered close to home. 37 Our list of priorities was consistent with this finding, because most highly ranked research questions pertained to interventions that could be implemented at the household or community level. Seven of the 15 top-ranked questions originated from the Child Health and Nutrition Research Initiative literature and 2 of these questions (questions 7 and 12) came from Child Health and Nutrition Research Initiatives explicitly focused on implementation, indicating strong agreement between our expert group and the existing literature.
15,30
Limitations
Although the Child Health and Nutrition Research Initiative method represents a systematic attempt to address the challenges inherent in the complex process of research investment priority setting, the approach is not without limitations. Yoshida and colleagues conducted an analysis of the Child Health and Nutrition Research Initiative methodology, 38 examining the concordance among top-ranking research priorities as sample size increases from 15 to 90. They found that a high degree of reproducibility of top-ranking research priorities was achieved with 45-55 experts, suggesting that our relatively small sample of 20 scorers may be a limitation. However, it should be noted that they still found an appreciable degree of reproducibility with a sample of only 15 people. In addition, it is possible that there were sound research options that were not included in the list of questions generated by the literature and experts. These options, therefore, could not have been scored and identified as priorities. Proposed research questions and their subsequent scores were also limited to the opinions of the experts involved in the exercise. In an effort to minimize response bias, we employed a comprehensive process of identifying experts with relevant knowledge and experience. Although this process was nonsystematic, we deliberately invited only Canadian experts given the focus of the exercise on informing Canadian research investments. The predetermined Child Health and Nutrition Research Initiative criteria also ensured that questions were anonymously scored against a transparent and standardized set of values, thus eliminating the advantage of more eloquent speakers advocating for their own research agenda. An additional potential limitation was that experts might have scored questions about patient populations or health conditions outside of their area of expertise. To avoid inaccurate scores, experts were instructed to leave the cell blank when they did not feel sufficiently knowledgeable to answer a particular question.
The top 15 research questions varied across the continuum of care, but there were no highly-ranked questions that explicitly mentioned adolescents. The steering committee noted that existing Child Health and Nutrition Research Initiative literature on adolescent health was limited. In light of this gap, we made an effort to recruit adolescent health experts to propose additional research questions and provide scores. Adolescent health is an emerging global health priority and although this population was not explicitly mentioned among the top-ranked research questions, it should be noted that questions pertaining to maternal and reproductive health could also be relevant to adolescents, especially in low-and middle-income countries. Moreover, since the completion of this study, there has been a Child Health and Nutrition Research Initiative study published, focusing on 8 areas of adolescent health. 39 
Conclusion
Current investments in health research predominantly target diseases prevalent in high-income countries and tend to favour basic science research. If progress toward improving MNCAH is to be made by 2030, improving implementation is crucial to maximizing the impact of existing interventions and reducing inequity. The research gaps identified through this prioritysetting exercise cannot be addressed in isolation; they must be integrated with the measurement and accountability agenda, so as to ensure there is timely data on the quality and coverage of effective interventions. The proposed research agenda is expected to be a valuable tool in guiding research investments that could drive substantial improvement in health outcomes by 2013. We call upon the Canadian community of donors, researchers, policy -makers and program managers to support the translation of these recommendations into appropriate and transparent funding opportunities.
Affiliations: Centre for Global Child Health (Sharma, Buccioni, Gaffey, Mansoor, Bhutta), The Hospital for Sick Children, Toronto, Ont.; Canadian Partnership for Women and Children's Health (Scott), Ottawa, Ont.
Contributors:
Renee Sharma designed the study protocol, coordinated the study, mapped research priority questions, conducted the analysis and drafted the initial manuscript. Matthew Buccioni designed the study protocol, mapped research priority questions, assisted with coordination, critically reviewed and revised the manuscript. Michelle Gaffey designed the study protocol, provided feedback throughout the Child Health and Nutrition Research Initiative process and critically reviewed and revised the manuscript. Omair Mansoor conducted the initial literature review of existing research priorities and assisted with the Canadian Partnership for Women and Children's Health consultation. Helen Scott coordinated the Canadian Partnership for Women and Children's Health consultation, assisted with study design and critically reviewed and revised the manuscript. Zulfiqar
